Tumor formation in cucurbit cultivars resulting from infection by various strains of Agrobacterium tumefaciens and Agrobacterium rhizogenes is environmentally affected. In all instances, tumors could be induced on excised cotyledons while inoculating attached cotyledons or stems resulted in no tumor formation. In addition, buttercup squash (Cucurbita maxima Duch. buttercup) was most susceptible to tumor formation, while butterbush squash (Cucurbita maxima Duch. butterbush) failed to form tumors when inoculated with any of the strains of Agrobacterium. Other tested cucurbit cultivars showed intermediate susceptibility to tumor induction by the various Agrobacterium strains.
Dicotyledonous plants are susceptible to infection from two species of Gram-negative soil bacteria, Agrobacterium tumefaciens and Agrobacterium rhizogenes (2, 12) . The result of infection by these pathogens is a plant neoplasm, caused by the insertion of a segment of DNA, termed T-DNA, from the bacterium into the host genome (2) . This T-DNA is contained on the Ti2 plasmid in A. tumefaciens and Ri plasmid in A. rhizogenes (2) . These plasmids have been found to share DNA sequence homology (9) , and are a requirement for bacterial virulence (16) . In addition, genetically engineered forms of these plasmids have served as vehicles for gene transfer and expression in plants (7) .
The host range for most species ofAgrobacterium is very wide (4) . Recently, however, it was reported that certain strains exhibit very high host specificity based primarily on the Ti plasmid, with a role also assigned to the chromosomal background ofthe strain (10) . Further, Owens and Cress (13) ( 10 g/L tryptone, 10 g/L NaCl, 5 g/L yeast extract, pH 7.5) was used as the inoculum. Occasionally, log phase cultures were used. In general, no qualitative differences were observed between these two inocula.
Plants and Inoculations. Four varieties of squash (Cucurbita maxima Duch. buttercup, green hubbard, vegetable spaghetti, and butterbush) and one variety of pumpkin (Cucurbita maxima Duch. big max) were grown in a growth chamber (16 h photoperiod, 22C) in vermiculite irrigated with Hoagland solution (6) . As positive controls, carrot (Daucus carota) root slices, tomato (Lycopersicum esculentum) stems, and Kalanchoe stems were used.
Two protocols were attempted for tumor induction. Virulence was induced on whole plants and detached cotyledons as described by Owens and Cress (13) . Stem and/or leaf wounds were made with a sterile toothpick. Approximately 10 ,ul of a bacterial suspension was spread over the wound site. Plant ages ranged form 7 to 21 d after planting. Detached cotyledons from approximately 8 d old plants were excised and surface sterilized in 10% commercial bleach for 15 min. After rinsing with sterile H20, cuts along both sides ofthe main vein were made, and inoculated with approximately 2.5 ,ul of the bacterial suspension. After incubating the cotyledons 3 d on water agar, they were transferred to Murashige and Skoog medium ( 11) without hormones and with the addition of 0.5 g/L carbenicillin until tumors were observed. Similar results using squash leaf tissue were obtained using the leaf disk method described by Horsch et al. (8) .Tumor tissue was subcultured and grown on Murashige and Skoog medium ( 11) without hormones and with the addition of 0.5 g/ L carbenicillin at 26°C with a 12 h photoperiod.
Opine Assays. To determine that growth on nonhormone media was the result of tumor formation, selected tumors were analyzed for opine production by high voltage paper electrophoresis as described by Ryder et al. (14) using purified opines as standards. Nontumor tissue served as a control.
RESULTS
All strains used in this study have been shown to be virulent to one or more dicot species (10, 15) . However, we were unable to induce tumors on any of the intact buttercup squash plants using all strains listed, including A. rhizogenes. We attempted inoculations on various stem, cotyledon, and leaf locations, as well as on plants of varying ages and growth conditions. Further, To confirm that we were forming T-DNA derived tumors, we examined two tumor lines in buttercup squash derived from strains A892 and S 11/73 for opine production by high voltage paper electrophoresis (14) . Both lines produced opines. The opines derived from S 11/73 and A892 tumor tissue were positively identified as agrocinopine C. Nontumor tissue in culture did not produce opines. Thus, we were confident that the morphology that we identified as tumor tissue had incorporated T-DNA.
DISCUSSION
Many workers have previously examined the host range of Agrobacterium (1, 4) . The genus was noted for its wide host range (10), although it includes some strains with very limited host range (10, 15, 17) . Our results clearly show differential tumor induction by various strains of Agrobacterium. These results parallel reports from Unger et al. (15) and Knauf et al. (10) who showed that strains ofAgrobacterium showed specificity even among closely related cultivars. Unger et al. (15) reported that the cause of this specificity was a difference in T-DNA structure from that of a whole host range strain. We have not examined the molecular mechanism for this differential tumor induction.
An interesting feature of the current work is the resistance of the whole cucurbit plants to tumor induction by Agrobacterium, (3) . However, we have not as yet determined the exact differences in the biochemical response to wounding in whole plants versus detached cotyledons, and their effects on tumor formation.
Prior to the current study, the major work on the interaction of Agrobacterium strains with cucurbits was reported by Unger et al. (15) . A differential response of closely related cucurbit cultivars to several Agrobacterium species was observed, in which tumors were induced on excised stem sections. Our study confirms this work, and extends the strain and cultivar specificity of tumor induction. As T-DNA is thought to insert randomly into the plant genome, the early impetus for this work was in the production of T-DNA induced mutations in cucurbits. Based on our current understanding of strain and cultivar specificity in cucurbits, this line of research can be pursued more efficiently. In addition, as these cucurbit tumors were capable of producing opines, nonplant genes were expressed in these tissues. Thus, these cucurbit species may subsequently serve as recipients for cloned genes, utilizing the Ti plasmid as the vector.
